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Upon high-energy collisional activation, oxofatty-acid ions undergo fragmentations to pro-
duce a unique pattern of product ions by which the position of the ketone is revealed. The
reactions occurring in the vicinity of the ketone, which are the subject of this article, produce
a spectral pattern that is not symmetrical. Although cleavages of a, b, and g C–C bonds occur
on the side proximal to the charge site, giving a, b, and g ions, respectively, there is only a g9
ion formed on the side distal to the charge site. The resulting lack of symmetry seemingly
contradicts the concept that the reactions are independent of the charge (i.e., that they are
charge remote). To eliminate any interaction between the charge and the reaction site, oxofatty
acids were linked to glycyrrhetic acid, a steroid with a rigid polycyclic system. The
fragmentation pattern remains the same, indicating that the effect does not depend on charge
but rather on the ketone. Isotopic labeling and MS/MS/MS studies confirm that the
fragmentations of C–C bonds in the vicinity of the ketone are complex, charge-remote
processes. Formation of [M 2 H 2 H2O]
2 and [M 2 H 2 CO2]
2 anions and the ion that is
formed by homolytic cleavage of the b bond at the side distal to the charge, however, are
charge directed. (J Am Soc Mass Spectrom 1998, 9, 620–627) © 1998 American Society for
Mass Spectrometry
Closed-shell ions of long-chain alkyl compounds,when formed by cationization of the samplemolecule with alkali metal ions (Li1, Na1, K1,
Rb1, or Cs1), or with alkaline earth metal ions (Mg21,
Ca21, Sr21, or Ba21), or by deprotonation, undergo
characteristic decompositions that can be used to char-
acterize molecular structure [1]. We realized some years
ago that the processes are analogous to thermolytic
processes and are initialized remote from charge site
[2]. The processes were named “charge-remote frag-
mentations” because the charge status does not deter-
mine the dissociation processes. We proposed that
the C–C bond cleavages usually occur via a 1,4-
hydrogen elimination mechanism that involves losses
of the elements of CnH2n12 from the chain (eq 1) [3].
This mechanism is consistent with the nature of
fragmentations of long-chain alkyl compounds that
contain different functional groups, and its validity
was convincingly verified by Cordero and Wesdemi-
otis [4].
A symmetrical spectral pattern corresponding to
cleavages near a functional group would be expected
from the 1,4-hydrogen elimination or similar mecha-
nism if indeed the process is independent of charge.
Although the fragmentations occurring in the vicinity
of double bonds, cyclopropane, cyclopropene, or epox-
ide rings do not usually give symmetrical patterns [1],
those occurring around the ketone of oxofatty acids [5]
give rise to a pattern of such asymmetry that we felt
they offered an ideal opportunity to study putative
charge-remote fragmentations in the vicinity of a func-
tional group. The reactions causing these unsymmetri-
cal patterns and those forming radical cations or anions
[6–9] raise two questions: (1) are the fragmentations
independent of the charge, and (2) are other reaction
channels, in addition to the 1,4-elimination, opened
when the reactions occur in the vicinity of a functional
group? The recent report by Claeys and co-workers [9]
that there is an unexpected “asymmetry” in kinetic
isotope effects underscores the importance of these
questions.
In this article, we use high-energy collisional activa-
tion of oxofatty acids to determine product-ion struc-
tures and to examine whether the fragmentations are
independent of the charge site.
Experimental
Reagents
Matrix compounds, including 3-nitrobenzyl alcohol (3-
NBA), glycerol, diethanolamine (DEA), triethanolamine
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(TEA), LiI, and NaI, were obtained from either Aldrich
(Milwaukee, WI) or Sigma (St. Louis, MO). Thionyl
chloride (in CH2Cl2, 2 M), glycyrrhetic acid, and sodium
metal were purchased from Aldrich. Most oxofatty
acids, including 10-undecenoic, 13-oxooctadecanoic, 7-
and 13-oxotetracosanoic acids, 2,3-dihydroxypropyl
4-oxostearate, and methyl 12-hydroxyoctadecanoate
were obtained from Sigma-Aldrich Library of Rare
Chemicals (Milwaukee, WI). 4-Oxooctadecanoic acid
was produced by refluxing 2,3-dihydroxypropyl-4-ox-
ostearate in acetone with a few drops of dilute sulfuric
acid for 30 min. 12-Oxooctadecanoic acid was obtained
by refluxing methyl-12-hydroxyoctadecanoate with ex-
cess pyridinium chlorochromate (PCC) for 1 h followed
by hydrolyzing the ester with 10% KOH in acetone. The
crude products were dissolved in CH2Cl2, washed in
separate steps with H2O, 5% HCl, and H2O, dried over
MgSO4, and the solvent evaporated in vacuum. The
products were then submitted to FAB and exact-mass
measurements at a resolving power of 10,000, giving
exact masses of all synthetic products that were within
5 ppm of their theoretical values.
Preparations of deuterated oxofatty acids, including
4-oxooctadecanoic-3,3,5,5-d4 acid, 4-oxooctadecanoic-
2,2,3,3,5,5-d6 acid, 13-oxooctadecanoic-12,12,14,14-d4
acid, 7-oxotetracosanoic-6,6,8,8,-d4 acid, and 13-oxotet-
racosanoic-12,12,14,14-d4 acid were carried out by
using modified procedures described in the literature
[10]. In a typical experiment, 10 mg of the oxofatty acid
was added to 100 mL of freshly made solution of
approximately 5 mg of sodium dissolved in 100 mL of
CH3OD. The mixture was heated to reflux for 15 min,
and the methanol was removed in vacuum. The proce-
dure was repeated twice with two more portions of
fresh CH3OD. The final solid residue was dissolved in 5
mL of CH2Cl2, and the solution was mixed with 5 mL of
5% HCl. The organic layer was separated, and the
aqueous solution was washed again with 5 mL of
CH2Cl2. The combined organic layers were then
washed with H2O and dried over MgSO4. Removal of
CH2Cl2 gave a white solid. The mass spectrum of the
product showed that the oxofatty acid with four deute-
riums was the major product. The product-ion spec-
trum of each compound showed that the four hydro-
gens a to the ketone were replaced by deuteriums. In
the case of 4-oxooctadecanoic acid, however, d5 and d6
species were also obtained, and they were approxi-
mately 80% of the abundance of the d4 species. The d6
species was assumed to be 4-oxooctadecanoic-
2,2,3,3,5,5-d6 acid on the basis of reasonable points of
H/D exchange.
Coupling of 7- or 13-oxotetracosanoic acid to glycyr-
rhetic acid was achieved by reacting the acyl chloride
with disodiated glycyrrhetic acid, which was formed by
adding 10 mg of metallic sodium to a solution of
470-mg glycyrrhetic acid (1 mmol) in 10 mL of CH2Cl2
and heating the mixture for 2 h. The solution was
filtered and used in the coupling step. In a typical
experiment, 35 mg of an oxofatty acid (0.09 mmol) was
dissolved in 2 mL of CH2Cl2 and to the solution was
added 0.3 mL of thionyl chloride (2 M in CH2Cl2). The
mixture was heated to reflux for 2 h, and the solvents
(including excess thionyl chloride) were evaporated in
vacuum. This residue was then mixed with 1 mL of the
disodiated glycyrrhetic acid solution (containing 0.1-
mmol solute), and the mixture was refluxed for 5 h.
After the formation of adduct was confirmed by mass
spectrometry, the reaction was stopped, and the
solvent evaporated. The residue was redissolved in
1:1 5% HCl and CH2Cl2, the organic layer separated,
washed with H2O, 5% HCl, and H2O, and dried over
MgSO4. Filtration and removal of solvent gave a
yellowish solid.
Instrumentation and Procedures
Two mass spectrometers were utilized in MS/MS and
MS/MS/MS studies. One was a Kratos MS-50 triple
analyzer tandem mass spectrometer [11], which was
equipped with a standard Kratos FAB source and an
Ion Tech saddle-field gun (Teddington, UK). A resolv-
ing power of approximately 2500 was used for the first
stage (MS1), whereas MS2 was limited to approxi-
mately 100 by the peak broadening caused by the
kinetic energy released upon fragmentation. The other
instrument was a ZAB-T four-sector tandem mass spec-
trometer manufactured by VG Analytical (now Micro-
mass, Manchester, UK) [12]. The resolving power of
MS1 was approximately 1500, whereas that of MS2 was
approximately 1000 (full width at half-maximum).
In a typical MS/MS experiment, 1 mg of a fatty acid
was mixed with the matrix on the sample probe tip of
the ZAB-T and bombarded with a 25-keV Cs1 beam.
Experiments with negative ions were carried out by
using TEA or DEA as matrix, and with positive ions by
using 3-NBA saturated with a metal halide salt as
matrix. The pressure of helium in the collision cell was
controlled to give a 50% attenuation of the selected ion
beam. Product-ion spectra were generated by scanning
MS2 and averaging 40–60, 15-s scans.
Sequential tandem mass spectrometry (MS/MS/MS)
of the a and b ions were carried out with the Kratos
triple-analyzer mass spectrometer. The fatty acid in
suitable matrix was bombarded with a 6-keV Ar beam
at an initial gun current of 2 mA. For MS/MS/MS
experiments, all FAB-produced ions were activated by
collisions with helium in the first field-free region. The
product ions were selected with the first electrostatic
analyzer and magnetic sector, further activated in the
third field-free region, and the second-generation prod-
uct-ion spectrum was scanned by MS2 [2, 13]. About
150 20-s scans were averaged because the signals were
weak.
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Results and Discussion
Verification of Structures of a, b, and g9 Ions
FAB-produced oxofatty-acid [M 2 H 1 2Li]1 or [M 2
H 1 2Na]1 ions, when submitted to high-energy colli-
sional activation (CA), undergo the expected charge-
remote fragmentations along the alkyl chain. Although
the interruption in the array of fragment ions (Figure 1)
clearly indicates the position of the ketone, the pattern
corresponding to reactions in the vicinity of the ketone
is not symmetrical [5]. There are reactions involving a,
b, and g C–C bond cleavages proximal to the charge
site, giving a, b, and g ions, respectively, but on the side
distal to the charge site, there is only a single, g-cleav-
age ion (called g9 ions) (Figure 1). We propose that the
a and b ions have terminal double bonds (Schemes I
and II), whereas the g9 ion has a terminal double bond
conjugated with the ketone (Scheme III). These spectral
features are also seen for dilithiated oxofatty acids, and
the interested reader should consult [5] to make com-
parisons.
The mechanisms for the production of these ions are
the subject of this article. High-energy collisional acti-
vation of an isotopomer in which the a hydrogens are
replaced with deuteriums should provide information
about structures of product ions formed by reactions
occurring in the vicinity of the ketone. The a ion, which
is produced by the cleavage of the C–C¢O bond on the
side proximal to the charge, is expected to contain two
Ds, and this ion of m/z 199 (Figure 1B) is 2 u higher
than that in Figure 1A (m/z 197), proving that two Ds
are retained in the product. This is consistent with the
assignment that the a ion does indeed have a terminal
double bond. We do not expect the b ion to contain any
Ds because they would be the part of the expelled
neutral, and the mass-to-charge ratio of the b ion (m/z
183, Figure 1B) for the isotopomer is exactly that for the
unlabeled material (Figure 1B). The g9 ion, if the conju-
gated structure in Scheme III is correct, should contain
three Ds, and it does. The g9 ion for the labeled species
(Figure 1B) has an mass-to-charge ratio that is 3 u
higher than that of the unlabeled (Figure 1A). The
intensities of peaks corresponding to product ions with
mass-to-charge ratio greater than that of the b ion in
Figure 1A, B are nearly identical, whereas those of
mass-to-charge ratio greater than that of the g9 ion
(Figure 1B) have mass-to-charge ratio values that are 4 u
Scheme I
Figure 1. CAD spectra of (A) 13-oxotetracosanoate (m/z 381)
and (B) 13-oxotetracosanoate-12,12,14,14-d4 (m/z 385).
Scheme II
Scheme III
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higher than those of their counterparts for the unlabeled
material (Figure 1A). We conclude that no significant
H/D scrambling occurs along the alkyl chain on the
time scale of dissociation.
Another means to study ion structure is to investi-
gate further the fragmentation pattern of the product
ion and, if possible, to compare that pattern with one of
a model compound. The MS/MS/MS technique [13] is
suitable for this purpose, and it was used by Adams
and Gross [2] to prove that product ions that are formed
by 1,4-hydrogen eliminations have a terminal double
bond. The CAD spectra of the a ion (m/z 197, Figure
2A) that is formed from dilithiated 12-oxooctadecanoate
is similar to that of the b ion (m/z 197) formed from
dilithiated 13-oxooctadecanoate (Figure 2B). Compari-
son of these fragmentation patterns with that of a model
ion, which we formed from dilithiated 10-undecenoate
(Figure 2C), demonstrates that the three ions have the
same structure.
To elucidate the structure of a g9 ion, we carried out
an MS/MS/MS experiment of disodiated 13-oxooctade-
canoate (m/z 343) and obtained the CAD spectrum of
the g9 ion (m/z 299, Figure 3). The mass-to-charge ratio
of the highest mass product ion (m/z 243) is 56 u lower
than that of the intermediate ion, suggesting losses of
CO and C2H4. The spectrum is consistent with an
intermediate ion containing a terminal double bond
conjugated with the ketone.
Independence of the Reaction and Charge Site
The asymmetrical pattern arising from fragmentations
around the ketone evokes a question whether the
charge is involved in the dissociations and causes the
fragmentations proximal to the charge site to be pref-
erable to those distal to the charge site. One means of
charge involvement is charge migration to the reaction
site. To answer this question, we require a system that
contains, without question, isolated charge and reaction
sites. For this purpose, we coupled some oxofatty acids
to a rigid polycyclic (steroid) system, glycyrrhetic acid,
by an ester linkage (eq 2). For this new compound, the
(2)
Figure 2. Comparison of fragmentation patterns of a and b ions
with that of their model ion. (A) CAD of the a ion (m/z 197)
generated from CAD of dilithiated 12-oxooctadecanoate (m/z
311); (B) CAD of the b ion (m/z 197) generated from the CAD of
dilithiated 13-oxooctadecanoate (m/z 311); and (C) CAD of
dilithiated 10-undecenoate. The spectra were obtained with the
Kratos MS-50 triple analyzer mass spectrometer.
Figure 3. CAD spectrum, obtained with the Kratos MS-50 triple
analyzer, of the g9 ion (m/z 299) generated from CAD of
disodiated 13-oxooctadecanoate (m/z 343).
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interaction between the charge and reaction sites is
impossible. The charge, formed by the ionization of the
carboxylic acid on the remote end of the steroid system,
is simply not accessible to the fatty-acid chain. There-
fore, fragmentations along the fatty acid chain must be
charge remote. The CAD spectra of the [M 2 H]2
anions of 13- and 7-oxotetracosanoyl glycyrrhetic acids
(Figure 4) show that the reaction patterns around the
ketone along the fatty acid chain of 13- and 7-oxotetra-
cosanoyl glycyrrhetoates are nearly identical to those of
the free carboxylates, 13- and 7-oxotetracosanoates (we
labeled with asterisks the peaks corresponding to prod-
ucts from charge-remote fragmentations). One differ-
ence is that the steroid system undergoes a more facile
CO2 loss because its carboxylate is linked to a tertiary
carbon. Another is that the b ion in Figure 4A is
relatively less dominant than that seen in Figure 1A.
This difference may indicate some effect of charge in the
fragmentations of the nonderivatized fatty acid. Never-
theless, the similarity in the patterns of these two
systems is caused by the nature of the functional group,
not by the charge.
Mechanisms for the Asymmetrical Cleavages
Around the Ketone
Predictably, reactions occurring around a functional
group in the chain are different than those along a
uniform hydrocarbon chain. For the former, the 1,4-
hydrogen elimination mechanism, which requires a
six-membered ring intermediate and two available hy-
drogens, may not be as competitive or even possible.
For example, homolytic cleavage at allylic C–C bonds
competes readily with the 1,4-hydrogen elimination
[5–8]. This elimination cannot apply to the production
of b and b9 ions because there is no hydrogen on the
ketone carbon to participate in the required six-mem-
bered ring intermediate. Formation of a and a9 ions by
a 1,4-hydrogen elimination mechanism is also not fa-
vored because the process would generate a terminal
ketene, which is not stable. Owing to the difficulties of
1,4-hydrogen elimination in the vicinity of the ketone,
other mechanisms become energetically more favor-
able.
The a ion may form through two other mechanisms.
The first involves a seven-membered ring intermediate,
which has a chair-like conformation (Scheme IA). From
the intermediate, two terminal alkenes are formed to-
gether with CO and H2. The second involves initially a
homolytic cleavage of the C–CAO bond to form an acyl
radical, which then loses CO and a hydrogen atom to
give the a ion (Scheme IB). Both reaction mechanisms
proceed symmetrically around the ketone, and the final
product will be the a ion irrespective of which side of
the carbonyl is cleaved, explaining why we see no a9
ion.
The high abundance of the b ion and the very low
abundance of the b9 ion can be explained by two
consecutive McLafferty-like rearrangements (Scheme
II). The enol form, formed by the first rearrangement, is
suitable for another cycle of rearrangement. Upon loss
of neutral acetone enol, b ions (not b9 ions) would form.
Again, the two reactions are symmetrical about the
ketone, but the peaks corresponding to the product ions
are not.
The g and g9 ions are presumably formed via the
1,4-hydrogen elimination mechanism because the re-
quired six-membered ring intermediate is readily
achieved. The high abundance of the g9 ion from a
positive rather than a negative precursor suggests
there are two structures for the g9 ion. The first is
generated by a charge-remote pathway with the
charge on the carboxylate (Scheme IIIA), whereas the
second is generated by a charge-driven pathway with
the charge on the ketone (Scheme IIIB). This argu-
ment is supported by the fact that the abundance of
the g9 ion is greatly decreased when the precursor ion
is negative and/or when the charge and reactions are
well isolated.
Figure 4. CAD spectra of oxofatty acids linked to glycyrrhetic
acid through esterification. (A) CAD of the [M 2 H]2 ion of
13-oxotetracosanoyl glycyrrhetic acid (m/z 833) and (B) CAD of
the [M 2 H]2 ion of 7-oxotetracosanoyl glycyrrhetic acid (m/z
833). Peaks labeled with asterisks correspond to ions of charge-
remote fragmentations along the alkyl chain.
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Mechanisms for Charge-Driven Reactions
The majority of ions formed by high-energy dissocia-
tions of fatty acids charged by metal ions or by depro-
tonation are products of the charge-remote 1,4-hydro-
gen elimination. But, products from other processes
may compete if they are kinetically and/or thermody-
namically favored. Obvious examples are the distonic
radical cations or anions that are formed near the
charge site when free fatty acids are collisionally acti-
vated [2, 3]. These distonic ions, however, are not
formed when the fatty acid is linked to the glycyrrhetic
acid, which keeps the charge separated from the alkyl
chain even in the vicinity of the derivatized acid func-
tion (Figure 4). There are other dissociations of oxofatty
acids that involve participation of the charge when the
ketone is near the carboxylic end: for positive ions,
homolytic cleavage of the b bond occurs to give a
radical cation, whereas for negative carboxylate precur-
sors, H2O and CO2 losses take place.
Ions formed by homolytic cleavage of the b9 bond. When
the ketone is near the carboxylate, an ion from b9
cleavage forms (Figure 5). The mass-to-charge ratio
value of the ion (m/z 128 in Figure 5A or m/z 170 in
Figure 5B), however, shows that it is a radical cation.
When the a Hs are substituted by Ds, the mass-to-
charge ratio of the ion shifts higher by 4 u (not illustrat-
ed). We propose that the initial structure of the ion is
distonic, but in the gas phase, this distonic radical ion
may rearrange to a more stable metal enolate radical
cation by metal-ion migration (Scheme IVA). When the
separation between the radical and charge sites is
greater, the tendency for metal ion migration decreases,
as does the stability of the radical cation. Another
possibility is that one of the lithium ions serves to
bridge the two carbonyl groups when the ketone is near
the terminal carboxylate, promoting the cleavage on the
side distal to the charge (Scheme IVB). In either case, we
seldom see b9 cleavage when the ketone is remote from
the carboxylate. For example, b9 cleavage of the ketone
occurs for dilithiated 7-oxotetracosanoate (although not
as readily as for dilithiated 4-oxooctadecanoate), but not
for dilithiated 10-oxohexadecanoate. These cleavages
should not occur for negative ions because there is no
metal ion to migrate, and this is consistent with the
data. For example, no detectable ions that are formed by
b9 cleavage are seen for the negative carboxylates,
4-oxooctadecanoate and 7-oxotetracosanoate (spectra
not illustrated).
Ions formed by water loss. We do not see substantial
water loss from positively charged precursor ions.
Moreover, when the ketone is remote from the carbox-
ylate, there is also little water loss from negatively
charged precursor ions. Extensive water loss only oc-
curs for negative ions when the ketone is close to the
carboxylate, and the closer the ketone is to the carbox-
ylate, the greater is the water loss. This suggests that
interactions between the negative charge, the carboxy-
late, and the ketone facilitate loss of water. Not surpris-
ingly, when the Hs a to the ketone are substituted by
Ds, the loss is of 19 or 20 u, showing that the neutral is
HDO or D2O, respectively. Jensen et al. [14] studied the
water loss from long-chain fatty acids and demon-
strated that both hydrogens in H2O are from the carbon
next to the carboxylate. When there is a ketone near the
carboxylate, however, the interaction between them
may play a significant role in the water loss (Figure
6A–C). For example, 4-oxooctadecanoate-3,3,5,5-d4
losses HDO and D2O, whereas 4-oxooctadecanoate-
2,2,3,3,5,5,-d6 losses only D2O (compare Figure 6B, C
with 6A). At least one H that is a to the ketone must be
involved in the water loss. Proof is provided by the
CAD spectrum of 7-oxotetracosanoate-6,6,8,8-d4,
where losses of both HDO and D2O from the negatively
charged precursor ion take place (Figure 6D). We pro-
Figure 5. CAD spectra showing formation of ions by homolytic
cleavage of the C–C bond b to the carbonyl (labeled with an h). (A)
Partial CAD spectrum of dilithiated 4-oxooctadecanooate (m/z
311), and (B) Partial CAD spectrum of dilithiated 7-oxotetraco-
sanoate (m/z 395).
Scheme IV
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pose that the first step of the mechanism (Scheme V) is
the transfer of one hydrogen, that is located a to the
ketone, to the carboxylate to form an enolate. A water
molecule is lost directly from the end of the chain to
generate a ketone (Path a), or the hydrogen that was
transferred to the carboxylate can be transferred back to
the enolate, giving an enol (Path b). This enol form is
able to lose a water molecule to generate either an
alkyne or an allene. The second pathway is made more
favorable by the existence of the basic carboxylate.
Without it, the enol form is not able to form, and water
loss cannot occur. This explains why there is little water
loss when the fatty acid is positively charged or when
the separation between the ketone and carboxylate is
large.
Ions formed by CO2 loss. The tendency for CO2 loss
parallels that for H2O loss: the closer the ketone is to the
carboxylate, the greater the extent of CO2 loss. Clear
verification comes from a comparison of the relative
intensities of the peaks corresponding to the loss of CO2
in Figure 6A, D. We propose two concerted mechanisms
for CO2 loss; these stem from an interaction between the
ketone and the carboxylate (Scheme VI). In both cases,
the loss is accompanied by attack at the ketone. In
Scheme VIA, the partially formed carbanion directly
attacks the ketone, and the product contains a ring
system. Because the most stable rings are five to seven
membered, this pathway does not apply to systems
where separations between the ketone and carboxylate
are large (or small). When the separation is small, CO2
loss occurs by the second pathway (Scheme VIB) in
which the partially formed carbanion extracts a hydro-
Figure 6. CAD spectra showing H2O and CO2 losses from [M 2 H]
2 ions of oxofatty acids. (A)
Partial CAD spectrum of 4-oxooctadecanoate (m/z 297); (B) Partial CAD spectrum of 4-oxooctade-
canoate-3,3,5,5-d4 (m/z 301); (C) Partial CAD spectrum of 4-oxooctadecanoate-2,2,3,3,5,5-d6 (m/z
303); and (D) Partial CAD spectrum of 7-oxotetracosanoate-6,6,8,8-d4 (m/z 385).
Scheme V
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gen located a to the ketone to form an enolate. Due to
high stability of the enolate, the loss of CO2 dominates,
and other reaction channels are suppressed (Figure
6A–C).
Conclusions
In the gas phase, long-chain fatty acids and related
materials fragment through both charge-remote and
charge-driven processes. Usually, the charge-remote
fragmentations are predominant. But charge may play a
role in the fragmentation of fatty acids and related
systems when the reaction sites are near to it by either
initializing the cleavage reaction and/or stabilizing the
intermediate and products. This effect is convincingly
eliminated by utilizing a system in which the charge
and reaction sites cannot interact. Once the effect of
charge is eliminated, fragmentations should be analo-
gous to thermal processes although all reactions may
not occur through the 1,4-hydrogen elimination.
We have established that the reactions occurring
around a functional group, here a ketone, are charge
remote and are determined by the chemical reactivity of
the functional group but not the charge. We are cur-
rently studying glycyrrhetic acid-coupled fatty acid
systems with other functionalities in the fatty-acid chain
to investigate the effect of a functional group on the
fragmentations occurring around it.
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